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Plant cells are surrounded by a cell wall which provides shape and physically limits cell 
expansion. In order to sense the environment and status of cell wall structures, plants have 
evolved cell wall integrity sensing mechanisms which involve a number of receptors at the 
plasma membrane. These receptors can bind cell wall components and/or hormones to 
coordinate processes in the cell wall and the cytoplasm. This review focuses on the role of 
Leucine Rich Repeat (LRR)-extensins (LRXs) during cell wall development. LRXs are chimeric 
proteins that insolubilize in the cell wall and form protein-protein interaction platforms. LRXs 
bind RALF peptide hormones that modify cell wall expansion and also directly interact with the 
transmembrane receptor FERONIA, which is involved in cell growth regulation. LRX proteins, 
therefore, also represent a link between the cell wall and plasma membrane, perceiving 
extracellular signals and indirectly relaying this information to the cytoplasm. 
 
Introduction 
Unlike animal cells which have no cell wall, expansion of plant cells requires a unique set of 
regulatory mechanisms in order to modify the extracellular matrix. The cell wall provides 
protection against biotic and abiotic stresses and, importantly, defines the shape of each cell. 
The primary cell wall of expanding cells is composed of a number of polysaccharides that are 
classified into cellulose, hemicelluloses, and pectins. Cellulose and hemicellulose undergo 
interactions and this network is embedded in gel-like pectins [1]. In addition to polysaccharides, 
the presence of structural cell wall proteins, characterized by highly repetitive sequence motifs, 
can modify mechanical properties of the cell wall. These proteins are particularly rich in specific 
amino acids and are therefore classified as glycine-rich, proline-rich, or hydroxyproline-rich 
glycoproteins [2-4]. The cell interior (protoplast) exerts turgor pressure as the driving force for 
cell growth, which is counteracted by the surrounding cell wall. To facilitate cellular expansion, 
remodeling of cell wall structures, degradation of cell wall components and the biosynthesis 
and incorporation of new material into the expanding cell wall must occur. Thus, cell wall 
remodeling requires a large number of proteins with diverse biochemical activities [5]. An 
elaborate cell wall integrity (CWI) surveillance system consisting of apoplastic proteins and 
transmembrane receptors detects changes in cell wall homeostasis. It can induce changes in 
turgor pressure or elicit compensatory modifications in cell wall structures [6-8]. CWI sensing 
involves a number of transmembrane receptor kinases at the plasma membrane that can bind 
cell wall components and trigger intracellular processes. Among these are wall-associated 
kinases, LRR-receptor kinases and Catharanthus roseus receptor kinase-like 1 like (CrRLK1L) 
proteins [9-12]. This review focuses on the role of extracellular Leucine-rich Repeat eXtensin 
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(LRX) proteins in the exchange of signals between intra- and extracellular compartments, 
coordinating processes on both sides of the plasma membrane during cell growth.  
 
Extensins 
Extensins are a group of hydroxyproline-rich glycoproteins structural cell wall proteins 
characterized by Ser-Pro2-n repeats [13, 14]. The Pro residues in this repetitive context are 
posttranslationally hydroxylated by Proline-hydroxylases (P4Hs) [15] that recognize 
contiguous Pro residues preceded by a Ser [16], resulting in Ser-Hyp2-n repeats. The 
contiguous Hyps in extensins can be O-glycosylated with chains up to 4-5 linear arabinoses 
on each Hyp by the activity of a series of arabinosyltransferases [17-20]. The Ser residues are 
monogalactosylated by a galactosyltransferase encoded by a single gene in Arabidopsis [21]. 
Extensins form polyproline II helices and the polysaccharide sidechains are thought to wrap 
around the protein to stabilize the structure in a similar way to collagens in animals which form 
trimeric helices [22]. Intra- and intermolecular linkages by oxidative crosslinking of Tyr in the 
context of Tyr-X-Tyr sequence resulting in isodityrosines, di- isodityrosines, or pulcherosines 
[14, 23-26] further strengthen the extensin structure.  
Extensins are an essential component of the cell wall. The embryo lethal extensin mutant rsh1 
fails to form properly connected cell walls during cell division. RSH1 was shown to be released 
early during cell division, forming a self-aggregating initial scaffold to which pectins can adhere, 
resulting in new cell walls separating the daughter cells [27, 28]. In response to pathogens, 
extensin networks can modify mechanical properties of cell walls, hindering or delaying 
pathogen invasion [29-31].  
Chimeric extensin proteins are candidates for having a regulatory or signaling function since 
the extensin domain can interact with the cell wall while the second, non-structural domain 
provides an independent activity [32]. Proline-rich extensin receptor kinases (PERKs) are 
involved in cellular growth control and have an extracellular domain with strong homology to 
extensins while the cytoplasmic domain shows kinase activity [33]. Formin-homolog extensins 
are transmembrane proteins with a cytoplasmic actin-binding domain and an extracellular 
extensin domain, indicative of a direct influence of the cell wall on actin dynamics [34-36].  
 
LRR-Extensins 
Leucine-rich repeat (LRR)-extensins (LRXs) are cell wall-localized chimeric extensin proteins. 
The signal peptide for protein export is followed by an N-terminal (NT) domain of around 70 
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amino acids. The first half of this domain is variable among LRXs and even partly missing in 
LRX1, LRX2, LRX6, and LRX7, and is followed by a well-conserved sequence of around 34 
amino acids (Figure 1). There is no clear homology of the NT-domain to sequences of known 
function in other proteins except predicted LRR-extensins, suggesting an LRX-specific function 
for this domain. The LRR domain contains 11 leucine-rich repeats. This motif is found in 
organisms of all kingdoms and represents a versatile domain implicated in binding interaction 
partners that range from small peptides to large proteins and non-proteinaceous small 
molecular compounds such as brassinosteroids [37]. The very recent elucidation of the crystal 
structure of the LRR domain of LRXs revealed covalent dimerization by a disulfide bond 
involving a conserved Cys residue in the LRR domain and N-glycosylation at several positions 
[38]. A Cys-rich domain (CRD) of 39-50 amino acids separates the LRR- and extensin domains 
(Figure 1). According to the crystal structure, the Cys residues in this region form disulfide 
bonds with Cys residues of the LRR domain and may act to stabilize the structure of the LRX 
protein [38]. As for the NT-domain, a BLAST search with the CRD identifies exclusively 
predicted LRR-extensins of other plant species, suggesting that it could be specifically required 
for LRX function.  
The extensin domain of LRXs is frequently composed of several distinct sequence motifs that 
are repeated several times, but can also be very short (Figure 2). In general, the extensin 
domain is highly variable among LRXs in terms of length and amino acid sequence, making 
protein alignment of the extensin domains difficult. Deletion analysis of the LRX1 extensin 
domain revealed that a large part including motif II and motif III (Figure 2), can be removed 
without apparent loss of protein activity [39]. Next to Pro and Ser, the extensin domain is rich 
in Tyr and Val. As described above, Tyr can be important for crosslinking of EXTs and 
insolubilization in the cell wall [40]. However, the insolubilization of LRX1 in the cell wall does 
not depend on these Tyr residues [39], suggesting that glycosides linked to the extensin might 
be involved in crosslinking of the protein [41] and that Tyr might be required for establishing 
the correct tertiary structure of the protein. There is currently no evidence that the modification 
of cell wall properties by crosslinking of the extensin domain would be an intrinsic function of 
LRXs. Overexpression of the LRX1 extensin coding sequence does not alter the lrx1 root hair 
defect [39]. Hence, the extensin domain of LRXs likely serves an anchoring function to position 
and immobilize the protein in the cell wall. 
LRX gene family  
LRX genes of higher plants can be classified into genes predominantly expressed in vegetative 
tissue and in pollen grains/pollen tubes. The pollen-localized LRXs of different species are 
more homologous to each other than to LRX proteins of the same plant species that are 
expressed in vegetative tissues [32, 42]. This suggests that pollen-expressed LRXs may have 
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functions that are specific to pollen or pollen tubes. The family of LRX genes in Arabidopsis 
thaliana encompasses eleven members (LRX1-LRX11). Gene expression studies revealed a 
group (LRX1-LRX7) that are expressed in vegetative tissue, and a group of four pollen-
expressed (LRX8-LRX11) genes [42]. The latter were initially named PEX1 (pollen-expressed 
LRX 1)-PEX4, but later renamed LRX8-LRX11 [43] to avoid confusion with the Arabidopsis 
PEX genes that are involved in the biogenesis and maintenance of peroxisomes [44].  
Among the vegetatively expressed LRXs, LRX1 and LRX2 are predominantly expressed in 
root hairs. An lrx1 single mutant develops deformed root hairs that frequently burst [45]. The 
lrx2 single mutant bears wild type-like root hairs, but the lrx1 lrx2 double mutant is more 
severely impaired in root hair development than lrx1, suggesting synergistic interaction and 
very similar activity of LRX1 and LRX2. Cell walls of lrx1 lrx2 root hairs are less dense in 
structure, possibly weakening their mechanical stability, which would explain their frequent 
bursting [46]. The expression of LRX2, is not completely restricted to root hairs as it has also 
been shown to be involved in lateral root formation. The details on the activity of LRX2 in this 
process is not yet understood [47]. LRX3-LRX5 are expressed in roots (but not root hairs) and 
the shoot. Corresponding single mutants do not display obvious phenotypes. However, the 
lrx3lrx4lrx5 triple mutant shows stunted growth, broader rosette leaves with cell-cell adhesion 
defects in the epidermal cell layer, a cell and vacuolar growth defect, salt-hypersensitivity, as 
well as increased anthocyanin accumulation [48-50]. Only subtle changes in cell wall structures 
were identified in this mutant, indicating that mutations in these LRXs have several rather mild, 
but cumulating defects in cell wall formation. LRX6 and LRX7 are expressed during lateral root 
formation and flower development, respectively [42], but await functional characterization. 
LRX8-LRX11 are mainly expressed in pollen and higher-order mutants of these genes develop 
defects in cell wall formation in pollen grains and tubes. These mutants also over-accumulate 
callose, a glucose polymer mainly found in pollen [51], presumably to support the weakened 
cell wall. Quadruple mutants of lrx8-11 have defects in pollen tube growth including frequent 
bursting, resulting in strongly reduced fertility [43, 52, 53]. Ca2+ homeostasis is also affected 
in these lrx mutants and the growth phenotype can be alleviated by reducing Ca2+ uptake. 
This suggests a role of LRXs in regulating Ca2+ dynamics [43].  
LRX-RALF interactions 
The LRR domains of LRX proteins were recently identified as high-affinity binding sites of 
RALFs (rapid alkalinization factors) [49, 50, 54, 55]. RAFLs are peptide hormones which modify 
plant growth, fertilization, and responses to pathogen infection by inducing several 
physiological responses, including alkalinization of the apoplast [56-60]. The acid growth 
hypothesis suggests that acidification of the cell wall favors cell wall expansion, whereas 
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alkalinization causes arrest of elongation [5, 61]. The Arabidopsis RALF gene family contains 
34 members, some of which are broadly expressed, while others are found in specific tissues 
[56, 57]. Several lines of evidence demonstrate that LRX proteins interact with RALFs. Pollen 
tubes of plants with mutations in three or more of the pollen-expressed LRX8-LRX11 were 
shown to be insensitive to the growth arresting effect of pollen-expressed RALF4 and showed 
reduced binding of RALF4 to the pollen tube surface. The results of yeast two-hybrid assays, 
co-immunoprecipitation and biolayer interferometry experiments further support that a direct 
interaction between pollen expressed LRXs and RALF4 occurs [54]. Crystallization of the LRX-
RALF complex revealed that an LRX dimer binds two RALF peptides, exposing a highly basic 
surface patch of RALF which could facilitate interactions with other protein or cell wall 
components [38]. Taken together, analyses of the lrx8-lrx11 mutants provide strong evidence 
that RALF4 requires pollen-expressed LRXs to maintain cell wall integrity during pollen tube 
growth [54]. RALF1 is found in roots and the shoot where it has strong effects on plant growth 
[62-64]. The root/shoot-expressed LRX4 was subsequently found to bind RALF1 [49], 
confirming that LRX proteins bind RALFs in different tissues. Immuno-precipitation of LRX3, 
LRX4, and LRX5 resulted in co-purification of an overlapping but not identical range of RALF 
peptides [50]. Hence, RALF-LRX interactions seem to include a number of possible 
combinations. This could potentially be a way to provide specificity to defined biological 
activities of the large number of RALF peptides present in the plant. Certainly, not all LRXs are 
high-affinity binding sites for all RALFs. For example, LRX8 binds RALF1 in vitro with a 1000-
fold reduced affinity compared to RALF4 [54]. 
 
LRXs-CrRLK1L receptor interactions 
The implication of LRXs in RALF-dependent signaling processes suggests a link to CrRLK1Ls, 
which are bona fide receptors for RALF peptides [60, 62, 65]. CrRLK1Ls are transmembrane 
proteins with two extracellular malectin-like domains and a cytoplasmic kinase domain. This 
protein structure predetermines the family of 17 members in Arabidopsis thaliana to transduce 
cell wall-derived signals and trigger intracellular responses [11, 12, 66]. The first evidence for 
a role of CrRLK1Ls in governing cell wall-related processes was the description of a cell wall 
integrity sensing function for CrRLK1LTHESEUS1 (THE1). The the1 mutation mitigates the 
dark-grown hypocotyl elongation defects of various cellulose deficient mutants. The absence 
of a strong phenotypic effect in THE1 loss- and gain-of-function lines in the absence of 
cellulose-deficiency illustrated that THE1 monitors cell wall composition and actively represses 
growth in cellulose-deficient mutants [6, 67]. The CrRLK1L FERONIA (FER) has been linked 
to a cell wall surveillance system that, controls disintegration of the pollen tube cell wall during 
pollen tube perception at the synergid cells during fertilization [68] and monitors cell wall 
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integrity during salt stress [69]. FER mutants show altered Ca2+ signals, which is linked to 
changes in the perception of mechanical stimulations [70, 71]. Similarly, the CrRLK1Ls ANXUR 
(ANX)1/2 and BUDDHA’S PAPER SEAL (BUPS)1/2 are involved in cell wall integrity 
maintenance during pollen tube growth prior to reaching ovules [60, 72]. Mutations in another 
CrRLK1L gene, ERULUS, leads to modified Ca2+ fluxes resulting in aberrant root hair 
formation [73, 74]. FERONIA has been shown to be the receptor for RALF1, and several 
CrRLK1L proteins bind different RALF peptides with varying specificities [59, 60, 62, 65].  
The lrx3lrx4lrx5 triple mutant shares some phenotypic aspects of the fer-4 mutant including 
stunted growth and salt stress responses, which suggests that they are active in the same 
pathway [49, 50]. Employing co-immunoprecipitation and yeast two-hybrid assays, a physical 
link between FER and the LRR domain of LRX4 was demonstrated [49]. We show that 
LRX/FER-dependent cell wall sensing is required to coordinate extra- and intracellular 
adaptations. Vacuolar morphology is influenced by the extracellular pH and this adjustment 
depends on both FER and LRXs function [49]. LRXs constitute a physical link between the 
plasma membrane (via the association of the LRR domain with FER) and the extracellular 
matrix (via the extensin domain). A membrane association of LRXs lacking the extensin 
domain supports this hypothesis [43]. In addition to its growth-coordinating activity, the LRX-
FER axis is also important for CWI sensing. Applying the pectin modifying compound 
epigallocatechin gallate induces alterations in the cell wall that result in changes in vacuolar 
morphology. This response is FER and LRX dependent, with mutations in these genes 
preventing proper response to EGCG treatment or substrate stiffening [49]. 
It should be noted that in addition to its extracellular interaction with LRX, FER has been shown 
to collaborate with other membrane-associated proteins, thereby regulating a wide range of 
biological processes. For instance, FER interacts, in a RALF23-dependent fashion, with BRI1-
associated Kinase 1 (BAK1)/somatic embryogenesis receptor Kinase 3 (SERK3). The (flg22) 
ligand-induced FER/BAK1 complex serves a scaffolding function for the recruitment of the EF-
TU RECEPTOR (EFR) and FLAGELLIN-SENSING 2 (FLS2) receptors during plant immune 
responses [59]. Unlike fer and lrx mutants, vacuolar morphology of bak1 mutants is unaffected 
in comparison to the wild type, implying that the FER/LRX-dependent cell wall sensing 
mechanism is distinct from the receptor scaffolding mechanism [75]. FERONIA has also been 
shown to interact with the glycosylphosphatidylinositol-anchored proteins LORELEI (LRE) and 
LRE-LIKE GPI-AP1 (LLG1) in the ER and this interaction is crucial for the localization of FER 
to the plasma membrane, implying that LRE and LLG1 act as chaperones for FER throughout 
the secretory pathway [76]. The pleiotropic phenotypes of the fer mutant point to FER being a 
central player as a scaffold protein with a relay function in multiple processes. Future analyses 
will have to reveal the extent to which LRX proteins influence the different functions of FER 




Dynamics of LRX-RALF-CrRLK1L interactions 
The potential for LRX-RALF, CrRLK1L-RALF and CrRLK1L-LRX interactions would allow 
numerous ways for the plant to regulate cell-wall monitoring systems and cell-wall modification. 
In pollen tubes, ANX/BUPS heteromers as well as LRX8/LRX9/LRX10/LRX11 bind RALF4/19 
[54, 60]. It is unclear whether these interactions are independent or whether RALF4/19 binding 
induces the formation of a ANX/BUPS/LRX/RALF multiprotein complex (Figure 3). The 
premature pollen tube bursting phenotype of mutants affected in the pollen-expressed LRXs 
(LRX8 - LRX11) is similar to amiRRALF4/19 lines and loss-of-function mutants of ANX1/ANX2, 
suggesting that they could interact in the same complex or share the same regulatory pathway. 
Although LRX and FER interact with RALFs, LRX/FER interaction can take place in the 
absence of RALFs, suggesting that RALFs may not be required for all aspects of LRX-FER 
signaling [49] (Figure 4). Both LRX4 and FER can bind RALF1, but it remains to be shown 
whether these interactions have synergistic or antagonistic effects on the formation of the 
complex. The lrx3lrx4lrx5 triple mutant roots show mildly reduced sensitivity, while fer mutant 
roots are strongly resistant to RALF1 [49, 62], indicating that LRX and FER are both active in 
triggering the RALF1-induced signaling process. Additional insights were obtained from 
experiments with LRXs missing the cell wall-anchoring extensin domain (LRXΔE). Expressing 
LRX1ΔE in root hairs of the wild type induces a root hair deformation reminiscent of the lrx1, 
lrx1 lrx2, and fer phenotypes that are characterized by aberrant root hair formation [39, 45, 46, 
77]. Accordingly, the overexpression of LRX4ΔE in the wild type induces phenotypes 
comparable to the lrx3lrx4lrx5 and fer mutants [49]. These data show that overexpression of 
LRXΔE constructs cause a dominant-negative effect, suggesting interference of LRX-RALF-
FER activity. Extensins tightly interact with the cell wall [25, 78], and do so also in the context 
of LRXs [39, 45]. Thus, anchoring of LRXs is essential for their activity, suggesting that LRXs 
possibly locally restrict movement of the LRX-RALF-FER complex. Alternatively, a physical 
strain acquired by interacting with the cell wall and FER in the plasma membrane may be 
required for LRXs to be active. The crystal structure suggests that binding of RALF to the LRR 
region could affect the overall conformation of the LRX protein and possibly impact on the 
extensin domain that has not been included in the crystallization study [38]. 
LRX4ΔE overexpression lines induce lrx/fer mutant-like phenotypes, but cause RALF1 
hypersensitivity in seedling root growth assays [49], revealing a high complexity of the LRX, 
RALF, and FER signaling. It is currently difficult to merge our understanding of LRXs into a 
coherent model given the multitude of interactions observed and their varying degrees of 
affinity. Different RALFs that are bound by FER and/or LRXs might influence complex 
formation in opposing ways [49, 50] and different LRXs show different protein binding dynamics 
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in the presence of RALF peptides (Figure 2). It is also possible that there are unknown factors 
involved in this process which remain to be identified in order to understand the diverse 
activities of LRXs and the LRX-RALF-FER/CrRLK1Ls network. The amount of available RALF 
peptides seem to have a strong impact on the lrx mutant phenotypes. A mutation in S1P, 
encoding the subtilase that processes pre-RALFs into the biologically active RALFs, 
suppresses the salt-sensitivity phenotype of the lrx3lrx4lrx5 triple mutant [50]. A possible 
explanation of this observation is that in the absence of LRXs, the mutant phenotypes are at 
least in part induced by the increased availability of RALFs, an effect that is alleviated by 
interfering with RALF maturation. Thus, LRX proteins not only serve as RALF binding sites to 
induce certain processes. With the competence to bind RALFs, LRXs seem to control their 
abundance in the apoplast. Whether the RALF binding capacity of LRXs is influenced by 
transient posttranslational modifications of LRXs is yet another open question that needs to be 
investigated.  
 
Genetic integrators of LRX function 
In addition to a better understanding of the FER/LRX/RALF complex formation dynamics, the 
elucidation of genetic interaction partners will shed light on the molecular mechanisms related 
to the LRX signaling pathway. The easily scorable root hair deformation phenotype of the lrx1 
mutant made it ideal for a forward genetic screen to identify suppressors of lrx1, which are 
likely involved in LRX1-related activities. A number of rol (repressor of lrx1) mutants were 
identified, displaying wild type-like root hairs despite the presence of the lrx1 mutation. The 
ROL1 locus encodes the rhamnose-synthase RHM1. Rhamnose is an important component 
of the pectin rhamnogalacturonan I (RGI) and RGII, and the identified rol1 mutants show an 
altered pectin structure and a reduction in RGII content [79]. FER is a CWI sensor with a shown 
ability to bind pectin fragments [69]. It is possible that the cell wall defects induced by the rol1 
mutation are perceived by FER, and compensatory changes in cell wall structures are induced 
resulting in suppression of the lrx1 phenotypes. In contrast to the rol1 mutants, rol5 and rol17 
suppress the lrx1 root hair defect in a very different way. ROL5 encodes a cytoplasmic 
thiouridylase involved in thiolating tRNAs, whereas ROL17 encodes a isopropylmalate 
synthase IPMS1 necessary for the biosynthesis of the amino acid leucine [80-83]. While the 
mode of action of these two rol mutants initially seemed rather enigmatic, more detailed 
analyses revealed that both affect TOR (Target of Rapamycin) signaling. The TOR network is 
a major controller of eukaryotic cell development that senses nutrient availability and growth 
factors, and modifies a number of processes related to cell growth including mitochondrial 
activity, ROS production, translation, and actin cytoskeleton dynamics [84]. Both rol5 and rol17 
alter translational activity [80, 85-87]. This is likely to cause a feedback signal to the TOR 
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network, which adjusts growth through the activity of the TOR kinase, the central component 
of the TOR network [88, 89]. Application of specific inhibitors of the TOR kinase to roots results 
in reduced cell growth, alterations in cell wall structures, and, when applied to the lrx1 mutant, 
suppression of the lrx1 root hair phenotype [80, 81]. A potential connection between the TOR 
network and FER/LRX protein function might be provided by ROP2 (Rho-related GTPase of 
plants), a GTP binding protein that regulates cell growth by binding to and activating the TOR 
kinase in an auxin-dependent manner [90]. ROP2 is also a known signaling component of the 
FER-pathway regulating cell growth [77]. This suggests that one strategy of the TOR network 
to modify cell growth is through influencing FER-triggered signaling. 
 
Conclusion 
In conclusion, LRX proteins are cell wall-localized components of a system that transfers 
information from the cell wall to the cytoplasm in order to regulate and coordinate cell growth 
as well as cell wall formation. They do so as high-affinity binding sites for a number of RALF 
peptides and via interaction with the CrRLK1L-type receptor kinase FER. It is conceivable that 
LRX proteins also interact with additional plasma membrane-localized proteins of the CrRLK1L 
family and/or with other proteins. The particular chimeric structure of LRX proteins allows for a 
strong interaction with the cell wall, thus providing a direct physical link with transmembrane 
receptors. This also suggests a role for LRXs in the coordination of cell wall and protoplast 
expansion by sensing connection of the cell wall with the plasma membrane. Findings in recent 
years have provided highly interesting insights into LRX function. Future research will elucidate 
the dynamics of the different interaction networks, in order to better understand the activities 
of the different proteins in regulating the cell wall and cellular expansion. 
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Figure 1.  Structure of LRX proteins. 
A  LRX proteins contain a signal peptide for protein export (orange), an N-termial domain (NT-
domain, purple), an LRR domains with 10 full leucine-rich repeats (yellow), a Cys-rich linker 
region (CRD, grey) and a C-terminal extensin domain.  
B  The NT-domain consists of a first half that is highly variable or missing among LRXs (dotted) 




Figure 2.  Variability in the extensin domain of LRX1 and LRX6. 
A  The LRX1 extensin domain consists of several distinct sequence motifs, all containing the 
Ser-Pro2-n repeat characteristic for extensins. Pro residues are posttranslationally hydroxylated 
to Hydroxproline.  




Figure 3.  LRX proteins and RALF4/19 regulate pollen tube growth. 
Secreted RALF4 and RALF19 peptides bind to pollen-expressed LRXs as well as the 
CrRLK1Ls BUPS1/2 and ANX1/2. These associations prevent precocious pollen tube rupture 
by maintaining cell wall integrity. Future research is needed to clarify whether LRXs additionally 






Figure 4.  LRX- and FER-dependent cell wall sensing impacts vacuolar expansion during cell 
elongation. 
The extensin domain of LRX is anchored in the extracellular matrix, perceiving changes in the 
cell wall, while the LRR domain interacts with FER to transduce the signal and trigger inflation 
of the vacuole. The kinase domain of FER is required for this process. RALFs bind to FER as 
well as LRX4, hence it will be interesting to see whether distinct RALFs are capable of 
promoting or preventing the interaction of LRX4 with FER and potential additional components. 
However, LRX/FER function in cell wall sensing might be independent of their role in RALF 
signaling. 
 
